Most air pollution in West Germany is caused by combustion products. Particulate organic matter released by incomplete combustion is suspected to contribute to the "urban factor" of lung cancer frequency in urban-industrial centers. The carcinogenic potential of single components, groups of compounds and total source emissions of combustion processes was investigated in laboratory animals by subcutaneous injection, intratracheal instillation or inhalation.
In West Germany, as in most other countries, combustion products constitute the majority of the air polutants. Thus we are dealing with an important problem. Figure 1 shows a rough schematic fractionation of these pollutants into several groups of substances, whose specific activity in carcinogenicity tests will be reported here. As yet, only a few of these tests and their results have been published in English.
The experimental observations were made in the subcutaneous tissue and in the lungs of laboratory rodents; the findings can be grouped as follows: (1) carcinogenicity of combustion products at the application site after subcutaneous injection of pure polycyclic aromatic hydrocarbons (PAH); extracts and extract fractions of particulate emissions of coal-fired domestic furnaces, condensates, extracts and PAH fractions of automobile exhaust, and extracts and extract fractions of urban airborne particulate matter and (2) carcinogenicity of combustion products in the lung after subcutaneous injection in newborn mice, intratracheal instillation or inhalation.
In view of the reported observations, the question of which representative PAHs should be actually measured in order to assess the carcinogenic potential of the PAH content of the atmosphere or of combustion products will be discussed. Under this aspect, some results on PAH profile measurements will be reviewed.
Air polkltants by combustion products
Gases Particles
Carcinogenicity at the Application Site in Subcutaneous Tests
Pure PAHs A total of 16 PAHs were applied in subcutaneous tests with mice in order to assess their carcinogenicity in this animal model (1) . The respective PAH dosages were dissolved in 0.5 mL tricaprylin and injected subcutaneously in one single application. Figure 2 shows the dose-response relationship of a number of the possibly most important PAH in common inhalation exposures ofman. Benzo(e)pyrene and benzo(ghi)perylene, although always present in significant quantity (see also were not found to be carcinogenic up to doses of 810 ,ug and 1600 ,ug, respectively. However, indeno(1,2,3-cd)pyrene turned out to be slightly carcinogenic; the activity was similar to that of chrysene. In the control groups receiving pure tricaprylin, the tumor frequencies ranged generally from 0 to 2%. The results in Figure 2 Among other things, the extent of PAH formation in coal combustion depends essentially on the brand of coal used, the furnace type and the control and the conditions of combustion (5) . For the carcinogenicity test, the particulate combustion products of anthracite nut briquettes were collected on glass fiber filters and then extracted with cyclohexane. Part of the extract was used to isolate the PAH fraction (prepared by R. Tomingas). The extracts and their fractions were used in the subcutaneous test. The substrate dosage was chosen according to the respective content of benzo(a)pyrene. The dose-response relationship is shown in Figure  3 . The probit regression line for the total extract has an unusually flat slope. The difference in slope to the regression line for the PAH fraction is not big, but, due to the fact that 6 different doses were applied, it still is, within a 5% error probability, statistically significant.
In a one-time additional subcutaneous test with coal furnace condensates, a fraction of nitrogencontaining heterocyclic PAH (isolated by G. Grimmer) was applied apart from the PAH fraction. The group of the N-PAH also proved to have a distinctly carcinogenic effect. 
Condensates, Extracts and PAH Fractions of Automobile Exhaust
Automobile-exhaust condensates (AEC) were collected by the Bundesanstalt fur Materialprufung (Federal Institute for Testing Material) (6) . The samples were analyzed by Grimmer (7) and prepared for the animal test. As a difference to the regular extracts, the original condensates contain, in addition, particulate matter. This feature is of special significance for the subcutaneous test, because it may be expected that particles of various nature could have a distinct inhibitory or promoting effect on the tumor-initiating activity of benzo(a)pyrene. As a matter of fact, automobile exhaust condensate as a whole, including the particles, resulted in a rather low tumor rate (maximum 6.8%). Even the effect of pure benzo(a)pyrene (BaP) can be largely reduced by adding automobile exhaust condensate to the injection (Fig. 4) . In contrast, the condensate fractions containing PAH without any particles were strongly effective (Fig. 5) Tables 1  and 2 and in Figure 6 . As already mentioned for coal furnace emissions and car exhaust, the results with the PAH-containing extracts free of particles were again within the same range when related to the content of benzo(a)pyrene.
It may be of interest to mention here that, in contrast to the above experience with PAH fractions of source emissions and ambient air, subcutaneous tests with cigarette smoke condensate free of nicotine (no poisoning) did produce a rather pronounced effect in relation to the benzpyrene content: cigarette smoke condensate applied in four dosages (5, 10, 20 and 40 mg), corresponding to a content of the benzo(a)pyrene of 5, 10, 20 and 40 ng only, resulted in relatively high tumor rates of 9, 16, 20 and 24%.
The results on extracts of airborne urban particulate matter permit conclusions which are briefly summarized as follows. (1) The tests with the total extract of urban atmospheric particulate matter produce a definite dose-response relationship, when the content of compounds not belonging to the PAH is rather low. (2) The PAH fractions derived from the extracts of urban suspended matter collected in different cities show a similar carcinogenic potency when they are actually adjusted to the same BaP level. (3) The PAH fractions are the most important single cause of the carcinogenic potency of an extract ofurban suspended matter. (4) Numerous compounds (e.g., polar substances) which may be isolated in fractions different from the PAH fraction may be carcinogenic to some extent; however, some of them may also be able to inhibit the carcinogenic effect. (5) The strong dose-response relationship of pure BaP is in general not maintained in the presence of all the other substances of an urban particle extract. In fact, the slope of the probit regression line in terms of BaP content declines (Fig. 5) in such a way that the influence of BaP becomes insignificant when the dose of an extract is low. For this reason, there is no fixed ratio relating the effect of BaP to the Table 2 ). The mechanism of the apparent inhibitory effect is not known. Possibly, the metabolism of PAH will be changed by the accompanying substances or there is an unaccounted change in the residual particulate phase composition and, thus, in the extract.
Carcinogenicity in the Lung
Whenever the possibility of a carcinogenic effect of airborne combustion products on man is under consideration, the lung is the organ of major concern. Over many years there have been attempts to ascertain experimentally the carcinogenic potency of combustion effluents or their components in the lungs of test animals. The expected results were supposed to lead to a reliable assessment of the relative significance of the various exhaust components and, thus, to an estimate of their combination effects. Success still seems to be limited. Some of the past results will be discussed below, and the rationale for a future approach will be given that may get closer to a solution of the basic questions.
Subcutaneous Injection in Newborn Mice
As early as two decades ago, some research groups in the United States induced lung tumors in newborn mice by subcutaneous injection of PAH or extracts from airborne particles (10, 11) . Although these tumors were primarily adenomas and not malignant neoplasms, the sensitivity of this test in regard to its response to benzo(a)pyrene and dibenz (a,h)anthracene could be confirmed in several experiments (12, 13) . A particulate advantage of the test model is the short testing time: Only half a year is required to induce a high tumor rate (Fig. 7) . Here, as in other tests, dibenz(a,h)anthracene proved to be more carcinogenic than benzo(a)pyrene.
Further investigations are currently under way in order to explore the possibilities and limitations of this experimental model. The majority of our findings were obtained with a strain of golden hamsters from the TNO/Holland breeding farm. Some results are summarized in Table 3 and permit the following interpretation.
Carbon black does not enhance the effect of benzo(a)pyrene. Lead chloride appears to have a BaP instilled in 0.04 mL saline solution.
cBaP not dissolved in acetone prior to suspension; thus, the particle sizes were larger than in the other groups. 298 slightly cocarcinogenic effect. We are repeating this experiment at present for confirmation. With regard to efforts to optimize the intratracheal instillation model, it is interesting to note that benzo (a)pyrene has a somewhat enhanced effect when it is dissolved in acetone before the suspension for instillation is prepared.
Only one small experiment of our investigations dealt with the lung carcinogenicity of the PAH fraction of extracts of urban particulate air pollution. This is due to the fact that the preparation of relatively large amounts of these extracts is a major effort (courtesy of R. Tomingas). In this single experiment, the hamsters received 30 intratracheal instillations of PAH with 12.5 ,ug of benzo(a)pyrene, i.e., a total of 375 ,ug. In 9 out of 46 histologically examined animals (i.e. in approximately 20%), tumors were observed in the respiratory tract. For pure benzo(a)pyrene, a tumor incidence rate of this size is to be expected at considerably higher doses. This singular result does not permit a generalizing interpretation; however, we mentioned it here, because it is unique in its kind at the present time and may serve as an indication that a mixture of PAH extracted from airborne particles may cause an enhanced carcinogenic effect in the lung in comparison to the content of benzo(a)pyrene alone.
An intratracheal instillation experiment with benzo(a)pyrene and dibenz(a,h)anthracene in mice in,dicated that benign and malignant tumors of the lung can be induced in this animal species. However, in contrast to hamsters, the larynx and the trachea of mice appear to be insensitive.
Obviously The test group will then be exposed in the inhalation chamber to the source emission under consideration. In this way, any promotion or inhibition of the basic tumor rate by the source emission exposure can be determined at least in relative terms. In a certain way, the generation of a basic tumor incidence rate corresponds to a realistic situation: People are not exposed to a single exhaust type of carcinogenic potential. Instead, they inhale an abundance of different compounds, some of which may induce a certain low tumor rate and, in an unknown number of individuals, may increase the predisposition for the development of a tumor. In this situation, an additional compound or mixture of components is added, whose influence is of particular interest. With this rationale, three experimental investigations were made which are briefly described here (23) (24) (25) . (24) .
POTT AND STOBER
The first investigation focused again on the question of the influence of an irritant gas on the respiratory tumor incidence rate of a carcinogen as studied earlier by Laskin (21) . For this purpose, groups of golden hamsters received 20 intratracheal instillations of benzo(a)pyrene or dibenz(a,h)anthracene (23) . The test groups of these hamsters were, in addition, exposed for 23 hr daily to an atmosphere containing an average concentration of 29 mg/im3 SO2 and 19 mg/i3 NO2. However, no significant increase of the tumor rate could be ascertained for the PAH treated animals exposed to the irritant gases.
The same question was addressed in an investigation with newborn mice which received a subcutaneous injection of dibenz(a,h)anthracene. At the age of 1 month, the test groups were exposed for 23 hr daily to an atmosphere with an average concentration of 30 mg/m3 SO2 and 18 mg/m3 NO2 or 0.5 mg/m3 03. Figure 8 indicates that the dibenz(a,h) anthracene dose alone caused already a rather high tumor incidence rate. The further enhanced rate for the animals exposed to SO2 and NO2 is nevertheless statistically significant at the 95% probability level. However, this first and only finding should not be interpreted without reservation. The study is presently repeated with different dosages of dibenz (a,h)anthracene.
In a third investigation, the basic tumor incidence rate in golden hamsters was induced by subcutaneous injection of diethyl nitrosamine (DEN). The test groups of the animals were then exposed to diesel engine exhaust emissions for 8 (25) .
matter by way of centrifugation and filtration. No tumors were found in the respiratory tract of the hamsters merely exposed to the diesel exhaust with and without soot. However, the animals treated with DEN and exposed to diesel exhaust showed a significantly increased tumor incidence rate in comparison to the groups merely treated with DEN (Fig. 9 ). An additional effect of the particulate phase was statistically not significant. At present, a complemental inhalation experiment with the exhaust of a gasoline engine as well as a more detailed study of the diesel exhaust inhalation are in progress to provide further data for the confirmation or repudiation of our earlier findings. Furthermore, we are about to begin a similar inhalation study on the emissions of coal-fired domestic furnaces.
PAH Profiles of Urban Particulate Air Pollution Extracts
A large number of PAHs are associated with urban airborne particles. Furthermore, the presence and relative amount of the various PAH on BbFT BkFT BeP BaP PER BghiP COR DBahA FIGURE 10. PAH profiles (26) in the combustion emissions of several coal species, an oil stove (5), and automobiles (27) . will represent a substantial fraction of the total of the airborne PAH and, at the same time, will remain rather stable while airborne or being sampled on the filter of the sampling instrument (see Fig. 11 
